Aims: Age related macular degeneration (AMD) is the leading cause of blindness in industrialised countries. Previous studies have suggested that statins may have a protective effect against the disease; however, existing studies have had limited power to reliably detect or exclude an effect and have produced conflicting results. The authors assessed the risk of AMD associated with the use of statins. Methods: Population based case control study using the United Kingdom General Practice Research Database. 18 007 people with diagnosed AMD were compared with 86 169 controls matched on age, sex, and general practice. The primary outcome was the odds ratio for the association between exposure to statins and AMD. Results: The crude odds ratio for the association between any recorded exposure to statins and AMD was 1.32 (95% CI 1.17 to 1.48), but this reduced to 0.93 (95% CI 0.81 to 1.07, p = 0.33) after adjustment for consultation rate, smoking, alcohol intake, body mass index, atherosclerotic disease, hyperlipidaemia, heart failure, diabetes mellitus, hypertension, use of other cardiovascular drugs, and use of fibrates. There was no evidence that the risk varied by dose of statin, duration of use, or that the risk varied for individual statins. Conclusion: In the short and medium term statin use is not associated with a decreased risk of AMD. Whether subgroups of patients with specific forms of AMD (particularly choroidal neovascularisation) benefit from statin therapy remains a possibility.
A ge related macular degeneration (AMD) is the leading cause of blindness in industrialised countries. 1 The ageing of the population in developing countries will increase the importance of AMD in poorer areas of the world. The early manifestations of AMD which occur in the macular retina are the presence of altered pigmentation and/or yellowish deposits known as drusen. These early clinical signs are usually not accompanied by overt vision loss. However a proportion of people with drusen and pigmentary changes will progress to a state of advanced AMD with the development of choroidal neovascularisation (CNV) and/or geographic atrophy, both of which can have devastating effects on central visual function.
The Age-Related Eye Diseases Study was a large randomised factorial trial which showed that long term oral supplementation with a high dose multivitamin supplement and/or zinc significantly reduced progression to advanced AMD in subjects in the highest risk categories (23% intervention v 28% placebo). 2 However some 75% of people did not benefit. Furthermore, existing treatments for CNV are restricted to a small proportion of affected people as therapies are not uniformly suitable and benefits are modest. 3 There are currently no treatments for established geographic atrophy. Therefore the majority of subjects at risk will progress to advanced AMD and most of these will experience incapacitating vision loss as the disease is most often bilateral
The aetiology of AMD is obscure and the pathogenic pathways mediating the development of CNV and geographic atrophy are not understood. AMD and atherosclerosis have been shown to share a number of risk factors, 4 leading to suggestions that they may have similar aetiologies. 5 In recent years several reports have suggested that statins which are known to be beneficial in vascular disease also exert protective effects in AMD. Notably a small cross sectional survey observed a marked protective effect with an odds ratio of 0.11, 95% CI 0.02 to 0.83. 6 Another small study found that use of cholesterol lowering drugs was associated with an almost fourfold decrease in the risk of drusen progression, however the result was not significant. 7 Subsequent studies have produced inconsistent results [8] [9] [10] [11] [12] [13] Some of the inconsistencies in these reports may relate to the lack of adequate power of the smaller studies to reliably estimate the effect of statins on AMD.
14 The United Kingdom General Practice Research Database contains the prescribing information for several million patients receiving treatment from their general practitioners. We therefore exploited the availability of this database to undertake a matched case control study to assess the risk of AMD associated with exposure to statins.
METHODS

The General Practice Research Database
The General Practice Research Database (GPRD), previously known as the VAMP Research Bank, was set up in 1987. 15 It contains complete prescribing and diagnostic information for over three million people and represents the largest source of continuous data on illness and prescribing habits in the UK. The practices are broadly representative of all practices in England and Wales in terms of geographical distribution and size and the age and sex distributions of the population included in the GPRD are very similar to the whole UK population. 16 The data available directly from the database include all drug prescriptions, and a record of every consultation and of every diagnosis. Diagnoses made in specialist clinics and hospitals are communicated to the general practitioner in writing and are recorded in the electronic record. The completeness of recording of such diagnoses has been shown to be high. [17] [18] [19] [20] The data collected are audited regularly and the participating general practices subjected to a number of quality checks. The quality of the information in the database has been validated in a number of independent studies and has been found to be high. 15 The information obtained from the database is entirely anonymous. Ethical approval for the study was obtained from the Scientific and Ethical Advisory Group of the GPRD.
Selection of participants
The source population was all patients registered with general practices who contributed to the GPRD during the period June 1987 to April 2002. The diagnosis of AMD was made by eye specialists and recorded in the electronic health record by general practitioners. Eligible cases were defined as any person aged 50 years or more who had a first diagnosis of AMD while registered with a practice participating in the GPRD. The majority of such cases would therefore be likely to have AMD sufficiently severe as to materially affect their vision. Less than 1% of the diagnostic codes entered by contributing general practitioners were specific to neovascular AMD or geographic atrophy. We were therefore not able to distinguish early AMD from advanced AMD or CNV from geographic atrophy. The date of the first diagnosis of AMD we called the index date. The observation period was defined as the period between the start of the patient's GPRD record and the index date. Cases were excluded if their index date was before the start of their GPRD observation period or during the first 6 months of this period. For each case, five controls with no record of AMD anywhere in their medical record were selected. Controls were alive and registered with the GPRD on the index date of their matched case and were matched on age within 5 years, sex, and practice. Controls were excluded if the index date of their matched case was within the first 6 months of the control's GPRD observation period or after the end of their observation period. Controls were also excluded if they had no clinical data entered during their GPRD observation period because of concerns about the completeness of the clinical data recorded.
Data processing and analysis
Data from the electronic records were extracted and set up as a relational database. Only drug exposure and diagnoses made before the index date were included in the analyses. Statin exposure was defined as ever or never based on whether a person had a prescription for any statin drug recorded in their electronic medical record. The mean daily dose of statin was categorised as low (10 mg or less per day), moderate (20 mg), or high (30 mg or more per day). In addition the total number of prescriptions for any statin was extracted as was information about the type of statin prescribed. Data on potential confounding factors were derived as follows. The mean annual consultation rate for each participant was calculated, defined as the total number of consultations divided by the number of years of observation, and was included in the analyses in quintiles. Smoking was categorised as non-smoker, ex-smoker, or current smoker. Alcohol intake was categorised as non-drinker, ex-drinker, current drinker (amount unknown), rare drinker (,2 units/ day), moderate drinker (2-6 units/day), excessive drinker (.6 units/day). Body mass index was derived using height data and weight data measured nearest the index date. Diagnosed atherosclerotic disease was identified as coronary artery disease, cerebrovascular disease, peripheral vascular disease, and other atherosclerotic disease such as renal artery disease or where the site of the atherosclerosis was not clear. The following diagnoses were also identified: diabetes (including both type 1 and type 2), hyperlipidaemia, heart failure, and atrial fibrillation. Exposure to the following drugs was also assessed: aspirin, fibrates, and hormone replacement therapy (either oestrogen only or opposed). In addition, in order to identify as completely as possible people with cardiovascular disease, prescriptions for any cardiovascular drug (except statins and aspirin) were identified and people categorised on the basis of having received a prescription for any of these drugs prior to the index date.
Following the initial descriptive analysis, exposure to statins was modelled as a binary ever/never exposure using conditional logistic regression. We then fitted a series of bivariate models, retaining variables that were significantly associated with both AMD and with statin exposure. We adjusted for consultation rate to control for potential confounding that could occur because ascertainment of diagnosis of AMD and chance of being prescribed a statin are both influenced by frequency of consultation. Patients with missing data for covariates were treated as separate strata. The primary analysis determined the relation between the use of statins and the incidence of diagnosed AMD. We then assessed the effects of different daily doses of and total number of prescriptions for statins, and whether the effects differed by type of statin. With an estimated prevalence of exposure to statins of 1.5% and including 18 000 cases we had over 90% power to detect an odds ratio of 0.8 or less at the 5% significance level.
Case validation
Some of the general practices contributing data to the GPRD provide anonymised copies of hospital letters and specialist reports on individual patients. Hospital letters were requested for a sample of 50 cases with a diagnosis of AMD recorded in their electronic GPRD record. These were reviewed by a primary care physician (LS) and a 20% sample reviewed by an ophthalmologist (UC).
RESULTS
A total of 18 007 people with a diagnosis of AMD and 86 169 controls were included. Descriptive details of cases and controls and univariate analyses are shown in table 1. The mean age of participants was 77.4 years and 66% were female. The median observation period prior to the index date was 4.0 years. Cases consulted their general practitioners considerably more often than controls, reflected in the higher median annual consultation rate.
Case validation
Of the sample of 50 cases with a diagnosis of AMD recorded in their electronic GPRD record for whom we requested hospital letters, letters could not be obtained for four cases. Of the remaining 46 cases, the diagnosis of AMD was confirmed from letters or reports from eye specialists in 43 (93.5%). Of the remaining three cases, in two a specialist diagnosis of cellophane maculopathy had been wrongly coded as AMD in the electronic primary care record, and in one case there was no further clinical evidence to support a diagnosis of AMD other than the diagnostic code in the electronic record. Table 2 shows the association between exposure to statins and a diagnosis of AMD. Among cases, 2.1% (375/18 007) had one or more recorded prescriptions for a statin, the corresponding figure for controls being 1.6% (1418/86 169). Among those exposed, the median period of exposure to statins prior to the index date was 1.2 years for cases and 1.3 years for controls. Overall, of the 1793 participants exposed to statins, 147 (8%) were exposed for more than 5 years. The crude odds ratio for the association between statin exposure and a diagnosis of AMD was 1.32 (95% CI 1.17 to 1.48). The association was reduced when adjusted for mean annual consultation rate to 1.05 (95% CI 0.93 to 1.19) . In the final model, the odds ratio for the association between statin exposure and a diagnosis of AMD was 0.93 (95% CI 0.81 to 1.07, p = 0.33), adjusted for consultation rate, smoking, alcohol intake, body mass index, atherosclerotic disease, hyperlipidaemia, heart failure, diabetes mellitus, hypertension, use of other cardiovascular drugs, and use of fibrates. The odds ratio for current use (within the past 6 months) was very similar to the odds ratio for ever use of a statin. There was no evidence that the association differed by dose or number prescriptions. The numbers of people exposed to individual statins and the associations with AMD are shown in table 3. Of study participants with one or more prescriptions recorded for a statin, about 60% of exposed cases and 59% of exposed controls were exposed to simvastatin only. The numbers of people receiving prescriptions for other types of statin were low, as were the numbers of participants with prescriptions recorded for more than one type of statin. None of the adjusted odds ratios approached significance and no clear pattern for different statins was evident.
Association with statins
DISCUSSION
The results of the present study suggest that at the usual doses used in clinical practice, short to medium term exposure to statins is not associated with a decreased risk of AMD. Although the median observation period of participants was 4 years, the duration of period of exposure to statins prior to the index date was relatively short, with only small numbers of participants exposed for more than 5 years.
The main strengths of the study were as follows. It was very large and statistically powerful compared with previous studies. Drug prescriptions from practices participating in the GPRD are generated by the practice computers ensuring the accuracy of the electronic prescribing records. Prescription data were highly detailed and recorded prior to the subject becoming a case so there was no potential for recall bias. Our validation of a random sample of cases demonstrated the high validity of a recorded diagnosis of AMD. We were able to adjust for a wide range of potential confounding factors, but these had little effect on the odds ratios obtained suggesting that there was less confounding than might have been expected. In our study, smoking was associated with an increased risk of AMD, although the odds ratio observed was smaller than those observed in most previous studies, 21 22 suggesting we may have underestimated the effect of smoking and thus failed to fully adjust for potential confounding by smoking. We found no clear association between cardiovascular disease and AMD. The validity of a recorded diagnosis of myocardial infarction in the GPRD has been validated in a sample of over 400 cases and found to be high, 23 suggesting that we would have been able to adequately adjust for any confounding effects of cardiovascular disease.
Cases included in the study were people with a clinical diagnosis of AMD and thus an important weakness is that we were not able to reliably distinguish the stage of disease nor distinguish CNV from geographic atrophy. However, we believe that we would have had a representative mix of different types of AMD as they occur in the population. Some people with AMD not yet diagnosed would not have been identified as cases and could have been included in the control group. However, of the total number of controls, the proportion with AMD would have been relatively small. There is also no reason to suspect this misclassification of controls would be differential with regards to exposure status and thus although there may have been a small reduction in power, this misclassification is unlikely to have biased the effect estimate. Clinical presentation will be determined largely by two factors. Firstly by the severity of the disease process, meaning that diagnosis is one way of assessing the stage of the disease. AMD is not an all or nothing disease: there is a continuous spectrum of severity from blinding AMD to early disease that would only be found on detailed examination. The second factor likely to determine clinical diagnosis is frequency of clinic attendance. We were able to control for the confounding effect of consultation rate on the association between statins and diagnosed AMD. We lacked information about drug exposures prior to participants registering with the GPRD. In addition our estimate of exposure was based on drugs prescribed rather than drugs known to have been taken. Although this may have led to a small degree of misclassification of exposure status, there is no reason to suspect this would be differential with regards to diagnosis and thus although there may have been a small reduction in power, any such misclassification is unlikely to have biased the effect estimate.
Assessing the evidence from the literature is beset with variations in nomenclature of AMD and of early degenerative changes such as drusen. Since the two initial small studies showing a strongly protective effect of statins against AMD, 6 and of cholesterol lowering drugs against drusen progression, 7 there have been a number of further studies. A cross sectional survey from Australia found that in adjusted analyses, cholesterol lowering medication (of any sort) was associated with an increased risk of age related maculopathy (defined as the presence of soft or reticular drusen or of retinal pigmentary abnormalities, with no AMD lesions), odds ratio 1.72 (95% CI 1.18 to 2.49). For AMD only, a protective effect was found, but was based on 30 cases only and hence had a wide confidence interval, odds ratio 0.67 (95% CI 0.08 to 5.40). 8 The effect of different types of cholesterol lowering medication were not presented. A case control study that included 550 incident cases of people with a clinical diagnosis of AMD and 5500 matched controls with no diagnosed AMD undertaken in the USA found a markedly protective effect of statins, odds ratio 0.30 (95% CI 0.21 to 0.45). 9 Only 37 of the 550 cases had ever used a statin. A cohort study within the longitudinal Rotterdam Eye Study found an adjusted hazard ratio for incident age related maculopathy with statin use for greater than one year of 1.1 (95% CI 0.7 to 1.9). 10 The case definition was broad, based on any of soft distinct drusen with retinal pigmentary abnormalities, indistinct drusen, or atrophic or neovascular AMD. However, of the 419 incident cases, only 25 had any recorded statin use limiting the power of the study to detect an association. In an eye clinic based case series from San Francisco of 326 people with AMD, previously recorded statin usage was compared among people with different types of AMD. 11 People with CNV were significantly less likely to have previous statin use recorded than people with dry AMD or geographic atrophy, risk ratio 0.51 (95% CI 0.31 to 0.86). This suggests that statins may have a protective effect against CNV but not against other forms of AMD. In the Beaver Dam cohort study undertaken in the USA, the odds ratio for incident early age related maculopathy (defined as either soft indistinct drusen or any drusen with retinal pigmentary abnormalities) was 1.12 (95% CI 0.47 to 2.67), while that for incident AMD (atrophic or neovascular) was 0.41 (95% CI 0.12 to 1.45). 12 For the subgroup of people who initiated statin therapy between the baseline examination in 1993-95 and the follow up examination in 1998-2000, there was a strong protective effect against late AMD, odds ratio 0.29 (95% CI 0.09 to 0.95). The relatively low power of the study is reflected in the confidence intervals of the effect estimates, and the authors concluded that further more powerful studies were needed.
We have reported the largest and most powerful study to address the relation between statin use and AMD yet undertaken. In the short and medium term statins do not seem to be associated with a decreased risk of AMD. Whether long term treatment with statins reduces the risk of AMD and whether subgroups of patients with specific forms of AMD (particularly CNV) benefit from statin therapy remains a possibility.
